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(54) Method of manufacturing rolling element string 



(57) An object of the invention is to provide a method 
of manufacturing a rolling element string wherein a 
smaller rolling element string can be manufactured eas- 
ily at low cost, and a rolling element string being superior 
in tensile strength and ftexural strength even after down- 
sizing can be manufactured. The present invention to 
achieve the object is a method of manufacturing a rolling 
element string having a number of rolling elements (3; 
30) aligned and rollably retained at prescribed intervals, 
comprising a first step of forming a flat band shaped belt 



member (21) with a synthetic resin, a second step of 
forming retaining holes (20;31) aligned on said belt 
member (21) in a row for receiving the roiling elements 
(3;30) loosely, and a third step of aligning the rolling el- 
ements (3;30) within said retaining holes (20;31) and 
forming the spacer portions (22;32) between the respec- 
tive adjacent retaining holes (20;31 ) by injection molding 
for retaining said rolling elements (3;30) with said rolling 
elements (3;30) used as cores, so that said rolling ele- 
ments (3;30) are trapped within said retaining holes (20; 
31). 
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Description 

[0001] The present invention relates to a method of 
manufacturing a rolling element string in which a 
number of rolling elements are aligned and rollably held 
in a row at prescribed intervals, and which is used by 
integrating, for example, in a linear guide device for end- 
less sliding. More specifically, the invention relates to an 
improved rolling element string the tensile strength and 
the flexural strength of which are enhanced. 
[0002] Conventionally, the known linear guide device 
for guiding a movable body such as a table along the 
fixed portion such as a bed is of the type that comprises 
a railway having a ball rolling groove, a slider having a 
loaded rolling groove opposed to the ball rolling groove 
. and a no-load rotlway in which the ball is circulated from 
one end to the other end of the loaded rolling groove 
and moving along the rollway, and a number of balls roll- 
ing between the slider and the rollway under loaded con- 
ditions and circulating along the endless raceway com- 
posed of a loaded rolling groove and a no-load rollway 
of the slider. 

[0003] In the conventional linear guide device in this 
arrangement, since the endless raceway of the slider is 
filled with balls, when the slider moves along the rollway, 
the adjacent balls tend to collide with or rub against each 
other as they circulate along the endless raceway, which 
results in earlier abrasion of balls and shorter operation- 
al life of the device. 

[0004] Therefore, in order to solve the problem de- 
scribed above, a linear guide device incorporating a roll- 
ing element string having a plurality of balls aligned in a 
row into the endless raceway has been proposed (Jap- 
anese Patent Laid-Open No.5-52217). As shown in Fig. 
17 and Fig. 18, the rolling element string 1 00 comprises 
ball retaining members 102 interposed between the re- 
spective adjacent balls 101 and is constructed in such 
a manner that the balls are linked consecutively by link- 
ing the respective ball retaining members 1 02 with a pair 
of belt members 103 disposed in the direction of align- 
ment of the balls 101 , and is manufactured by injection 
molding of a flexible resin with the balls 101 disposed in 
a mold as cores. 

[0005] In the conventional rolling element string 100 
arranged in such a manner being incorporated into the 
endless raceway 105 and circulating along the endless 
raceway as shown in Fig. 19, since the ball retaining 
members 102 are interposed between the respective 
adjacent balls 101, friction or collision between balls is 
prevented from occurring and abrasion of the balls 101 
can be avoided as much as possible. 
[0006] However, in the conventional method, since an 
elongated rolling element string of the length corre- 
sponding to an orbit of the endless raceway is manufac- 
tured by injection molding, there has been a problem in 
that a number of gates for injecting molten resin into a 
cavity in the mold must be provided to make the belt 
member 103 for linking the respective ball retaining 



members 102 form in a uniform thickness, whereby the 
mold becomes complex and the cost increases. 
[0007] There has been another problem in that con- 
sidering further downsizing of the linear guide device re- 

s quires the thinner belt member for the rolling element 
string to be incorporated in the endless raceway, and 
decrease in the tensile strength and the flexural strength 
of the belt member associated with thinning thereof may 
cause breakage of the rolling element string in the end- 

10 less raceway, thereby impairing the ball retaining capa- 
bility of the rolling element string. 
[0008] There has been still another problem in that 
when contemplating further thinning of the belt member, 
the molten resin injected from the gate may not reach 

is the deepest portion of the cavity in the mold, thereby 
resulting in a number e f defective moldings and thus re- 
ducing yields. 

[0009] The present invention is directed toward the 
problems described above, and accordingly, it is an ob- 
20 ject of at least preferred embodiments to provide a meth- 
od of manufacturing a rolling element string by which a 
further downsized rolling element string may be manu- 
factured easily at low cost, and by which a rolling ele- 
ment string having superior tensile strength and flexural 
25 strength may be manufactured even after downsizing. 
[001 0] Viewed from one aspect the present invention 
provides a method of manufacturing a roiling element 
string having a number of rolling elements aligned and 
rollably held in a row at prescribed intervals comprising 
30 a first step of forming a flat band shaped belt member 
with a synthetic resin, a second step of forming retaining 
holes aligned in a row on the belt member for receiving 
rolling elements loosely, and a third step of placing the 
rolling elements in the respective retaining holes, form- 
as ing spacer portions between the respective adjacent re- 
taining holes for retaining the rolling elements therein by 
injection molding with these rolling elements used as 
cores, and trapping the rolling elements within the re- 
taining holes. 

40 [001 1] According to the method of the present inven- 
tion, since the spacer portions are formed after the flat 
band shaped belt member is molded in the first step, 
and then the rolling elements are trapped within the re- 
taining holes formed on the belt member, the belt mem- 

45 ber may be formed consecutively in a long strip for ex- 
ample by extrusion molding of a synthetic resin, not by 
injection molding. Therefore, even when the thickness 
of the bell member is reduced in association with down- 
sizing of the rolling element string, a belt member of uni- 

50 form thickness may be formed stably. 

[0012] In addition, since the belt member and the 
spacer portions are formed separately, the belt member 
can be formed of a synthetic resin material that is com- 
pletely different from a molding material used for the 

55 spacer portions. Therefore, by forming the belt member 
with a synthetic resin the tensile strength or flexural 
strength of which has been improved by adding, for ex- 
ample, carbon filler, a rolling element string of high ten- 
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sile strength may be manufactured even if the thickness 
of the belt portion is reduced. On the other hand, since 
the spacer portions are to be kept in slide-contact with 
the rolling elements, the material for the spacer portions 
may be selected to have a low friction coefficient such 
as oleoresin, thereby ensuring smooth rotation of the 
rolling elements. 

[001 3] It is also possible to integrate a reinforcing ma- 
terial such as a carbon fiber or a glass fiber along the 
length of the belt member as the belt member is formed 
by extrusion molding, whereby the tensile strength of the 
belt member can be increased even when the tensile 
strength or flexural strength of the synthetic resin con- 
stituting the belt member is tow. 
[001 4] As is described thus far, according to the meth- 
od of manufacturing the rolling element string of the 
present invention, since the spacer portions for retaining 
the rolling element within the belt member are formed 
by injection molding after the belt member for aligning 
the rolling elements is molded, the belt can be consec- 
utively formed in a long strip by extrusion molding, but 
not by injection molding, whereby a belt member of a 
uniform thickness may be formed easily at low cost even 
when the thickness of the belt member is reduced in as- 
sociation with downsizing of the roiling element string. 
[0015] Viewed from another aspect, the present in- 
vention provides a method of manufacturing a rolling el- 
ement string comprising the first, second and third steps 
described above, wherein in the third step described, 
rolling element models being slightly larger than the roll- 
ing elements in diameter are aligned within the retaining 
holes instead of the rolling elements, and the rolling el- 
ement models are replaced with rolling elements after 
the spacer portions are formed by injection molding. 
Viewed from a single broad aspect, the third step can 
be seen as aligning rolling element core means in the 
retaining holes and forming spacer portions for holding 
the rolling elements between the adjacent retaining 
holes by injection molding with said rolling element core 
means used as cores. In the invention viewed from the 
first aspect, the rolling element core means comprise 
the rolling elements and are trapped within the retaining 
holes by the injection molding. In the invention viewed 
from the second aspect, the rolling element core means 
are rolling element models having a slightly larger diam- 
eter than the rolling elements, and are replaced by the 
rolling elements after the spacer portions are formed. 
[0016] Embodiments of the invention will now be de- 
scribed, by way of example only, with reference to the 
accompanying drawings, wherein: 



[0017] Referring now to the drawings, preferred em- 
bodiments of the present invention will be described. 
[001 8] Figs. 1 to 3 show a first embodiment of a rolling 
element string manufactured according to a method of 



Fig. 1 is a plan view showing a first embodiment of 
a rolling element string manufactured according to 
a method in accordance with the present invention; 
Fig. 2 is a cross sectional view showing the rolling 55 
element string of Fig. 1 taken along the line INI; 
Fig. 3 is a front view showing the roiling element 
string according to the first embodiment; 



Fig. 4 is a perspective view showing the belt mem- 
ber of the first embodiment formed in the first step 
of a method in accordance with the present inven- 
tion; 

Fig. 5 is a perspective view showing how the ball 
retaining holes are formed on the belt of the first em- 
bodiment and how the balls are aligned in the bail 
retaining holes; 

Fig. 6 is a perspective view showing the state that 
the spacer portions are formed by injection molding 
on the belt member of the first embodiment having 
balls aligned therein; 

Fig. 7 is a plan view showing a second embodiment 
of a rolling element string manufactured according 
to a method in accordance with the present inven- 
tion; 

Fig. 8 is a cross sectional view of the rolling element 
string of Fig. 7 taken along the line VIII-VIII; 
Fig. 9 is a cross sectional view of the rolling element 
string of Fig. 8 taken along the line IX-IX; 
Fig. 10 is a perspective view of the second embod- 
iment formed in the first step of a method according 
to the present invention; 

Fig. 11 is a drawing illustrating a step of forming the 
belt member of the second embodiment having re- 
inforcing material incorporated therein by extrusion 
molding of a synthetic resin. 
Fig. 1 2 is a drawing illustrating a step of forming the 
belt member of the second embodiment by extru- 
sion molding with two types of synthetic resin the 
physical properties of which are different from each 
other; 

Fig. 1 3 is a perspective view showing how the ball 
retaining holes are formed on the belt of the second 
embodiment and how the balls are aligned in the 
ball retaining holes; 

Fig. 14 is a perspective view showing the state 
where the spacer portions are formed by injection 
molding on the belt member of the second embod- 
iment having balls aligned therein; 
Fig. 1 5 is a perspective view showing how the roller 
retaining holes are formed on the belt and how the 
rollers are aligned in the roller retaining holes; 
Fig. 16 is a perspective view showing the state 
where the spacers are formed by injection molding 
on the belt member having rollers aligned therein; 
Fig. 1 7 is a plan view showing the conventional roll- 
ing element string; 

Fig. 18 is a front view showing the conventional roll- 
ing element string; and 

Fig. 1 9 is a cross sectional view showing the state 
where the rolling element string is incorporated in 
the endless raceway of the linear guide device. 
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the present invention. The rolling element string 1 com- 
prises a string belt 2 formed of a synthetic resin and balls 
3 as rolling elements aligned in a row at prescribed in- 
tervals, and these balls 3 are reliable in the state of being 
retained in the string belt 2. 

[0019] The string belt 2 comprises a belt member 21 
formed in the flat band shape and having retaining holes 
20 for retaining balls 3 at prescribed intervals, and spac- 
er portions 22 projecting from both surfaces of the belt 
member 21 between the respective adjacent retaining 
holes 20, wherein balls 3 are rollably trapped within the 
retaining holes 20 of the belt member 21 by the respec- 
tive spacer portions 22. 

[0020] The method of manufacturing the rolling ele- 
ment string 1 will now be described step-by-step. 
[0021] Fig. 4 shows a belt member 21 formed in the 
first step in accordance with the present invention. The 
belt member 21 is manufactured by extrusion molding 
of a synthetic resin. The belt member 21 consecutively 
extruded from the molding die is cooled down in a water 
tank, and then wound by a reel. In the subsequent step, 
the belt member 21 wound on the reel is cut into a pre- 
scribed length and used. 

[0022] Since the belt member 21 before the spacer 
portions 22 are built up thereon has an uniform cross 
section along its length, the belt member 21 of a uniform 
thickness can be formed by extrusion molding easily at 
low cost even when the belt member 21 is thin. 
[0023] The belt member 21 formed in such a manner 
is cut into a length corresponding to one orbit of the end- 
less raceway of the linear guide device, and then formed 
with retaining holes 20 for retaining balls 3 along its 
length at prescribed intervals Each retaining hole 20 is 
formed in such a manner that the inner diameter thereof 
is somewhat larger than the diameter of the ball 3, so 
that the ball 3 can be put in and taken out without any 
friction. Injection molding of the spacer portions 22 is 
carried out with the balls 3 aligned within these retaining 
holes 20. 

[0024] Injection molding is carried out in the state 
where the belt member 21 cut into a prescribed length 
is set in the mold at a prescribed position and the balls 
3 are placed in the respective retaining holes 20 formed 
on the belt member 21, with such belt member 21 and 
balls 3 used as cores. The spacer portions 22 are built 
up between the respective adjacent retaining holes 20 
on the belt member 21 so as to cover a part of the sur- 
faces of the balls 3, and the balls 3 partly covered are 
trapped within the retaining holes 20 of the belt member 
21 . Accordingly, as shown in Fig. 6, a string belt 2 having 
balls 3 aligned and retained at prescribed intervals on 
the belt member 21 is completed. In injection molding 
of the spacer portions 22, a synthetic resin such as 
polyamide elastomer or polyester elastomer is used as 
in the case of molding the belt member 21 . By forming 
the spacer portions 22 by injection molding using the 
identical synthetic resin as the belt member 21, the 
spacer portions 22 are welded to the belt member 21 



when being molded, and as a consequence, the spacer 
portion 22 and the belt member 21 are securely integrat- 
ed. 

[0025] When the spacer portions 22 are formed by in- 

5 jection molding with the balls 3 as cores, the spacer por- 
tions 22 come into intimate contact with the surfaces of 
the balls 3, thereby preventing smooth rolling of the ball. 
Therefore, upon completion of such injection molding, 
the belt member 21 is soaked into oil for a certain period 

10 of time. Since the string belt 2 formed of a synthetic resin 
takes up oil and thus swells, small gaps are formed be- 
tween the spacer portions 22 and the balls 3 after a pre- 
scribed period of time has elapsed, thereby permitting 
free rolling of the balls 3 without falling off the retaining 

15 holes 20. The rolling element string 1 is thus completed. 
[0026] On the other hand, it is also possible to mold 
the spacer portions 22 by aligning ball models (rolling 
element model), which are slightly larger than the balls 
3 in diameter, in the retaining holes 20 of the belt mem- 

20 ber 21 and molding with the ball models and the belt 
member 21 used as cores. When the balls 3 are used 
as cores, the step of forming gaps between respective 
balls 3 and spacers 22 is required after the completion 
of molding of the spacer portions 22, as described 

25 above. On the other hand, in case where the ball models 
are used as cores, since the ball models are slightly larg- 
er than the balls 3, the spacer portions 22 become small- 
er correspondingly. Therefore, by forcing the ball mod- 
els out the string belt 2 and then fitting balls 3 instead 

30 when molding of the spacer portions 22 is finished, the 
balls 3 can roll within the retaining holes 20 freely without 
a time consuming step of soaking the string belt 2 into 
oil for a prescribed period of time. 
[0027] According to the method of manufacturing the 

35 rolling element string 1 as described above, formation 
of an elongated rolling element string in a mold by injec- 
tion molding as in the conventional manner is not nec- 
essary any more, and the rolling element string 1 com- 
prising a thin belt member 21 can be manufactured sim- 

40 p|y at low cost and stably. 

[0028] According to the method of manufacturing the 
rolling element string 1 as described thus far, the same 
material as the spacer portion 22 is used for the belt 
member 21 , and a reinforcing material 23 is integrated 

45 within the belt member 21 in order to enhance the tensile 
strength and the flexural strength of the belt member 21 . 
However, it is also possible to enhance the tensile 
strength and the flexural strength of the belt member 21 
by adding carbon filler or the like to the material for the 

50 belt member 21 itself to compensate deterioration of the 
tensile strength and the flexural strength of the belt 
member 21 associated with the reduction of the thick- 
ness thereof. 

[0029] Figs. 7 to 9 show a second embodiment of a 
55 rolling element string manufactured according to a 
method of the present invention. 
[0030] The rolling element string 1 A has almost the 
same structure as the rolling element string 1 of the first 
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embodiment. However, as shown in cross sectional 
views of Fig. 8 and Fig. 9, the belt member 21 includes 
a reinforcing material such as a glass fiber, a carbon fib- 
er, or a ceramics fiber integrated in both edge portions 
along its length. Therefore, when the tensile force is ap- s 
plied along the length of the string belt 2, the tensile 
force is loaded onto the reinforcing material 23, whereby 
breakage of the string belt 2 can be prevented more ef- 
fectively than in the first embodiment. The same refer- 
ence numerals are designated to the components iden- 10 
ticafto the first embodiment, and detailed description 
will be omitted. 

[0031] The method of manufacturing the rolling ele- 
ment string 1 A will now be described step-by-step. 
[0032] Fig. 10 shows a belt member 21 formed in the 
first step in accordance with the present indention. The 
belt member 21 is manufactured by extrusion molding 
of a synthetic resin, and a reinforcing material 23 de- 
scribed above is integrated therein during extrusion 
molding. 20 
[0033] Fig. 11 is a schematic illustration showing the 
step of carrying out extrusion molding of the belt mem- 
ber 21 while integrating a reinforcing material. The rein- 
forcing material 23 is wound on a large diameter reel 4. 
The reinforcing material 23 unwound from the reel 4 is 2S 
preheated by the pre-heater 5, then passed through the 
mandrel 7 of the cross head die 6 and pulled out of the 
molding die 8. A molten synthetic resin such as polya- 
mide elastomer or polyester elastomer is forced into the 
cross head die 6 by a screw, not shown, and built up 30 
around the reinforcing material 23 as the reinforcing ma- 
terial 23 is extruded from the molding die 8, whereby an 
elongated belt member 21 is consecutively extruded 
from the cross head die 6. The extruded belt member 
21 is cooled down in the water tank 9 and then wound 35 
by the reel 10, which is cut into a prescribed length and 
used in the subsequent step. 

[0034] The reinforcing material 23 may not be neces- 
sarily a glass fiber itself, but may be a synthetic resin 
the tensile strength or the flexural strength of which has *o 
been improved by adding carbon filler or the like. In such 
a case/ double-layer extrusion molding may be em- 
ployed to form the belt member 21 of the shape shown 
in Fig. 10. As shown in Fig. 12, two extruders 11 , 12 are 
used in this double-layer extrusion. After setting a syn- <*£ 
thetic resin for forming a reinforcing material in the hop- 
per 1 3 of one extruder 11 and a synthetic resin for cov- 
ering the reinforcing material in the hopper 1 4 of the oth- 
er extruder 1 2, these synthetic resins are extruded from 
the common die 15. Then, as in Fig. 11, the extruded so 
belt member 21 is cooled down in the water tank and 
wound by the reel, and an elongated belt member 21 
including a synthetic resin of high tensile strength and 
flexural strength as a reinforcing material 23 covered 
with another type of synthetic resin can be obtained. ss 
[0035] In this manner, even when a reinforcing mate- 
rial 23 is integrated within the belt member 21, the belt 
member 21 before the spacer portion 22 is built up ther- 



eon has a uniform cross section along its length, where- 
by the belt member 21 of a uniform thickness may be 
formed simply at low cost as in the case of the first em- 
bodiment. 

[0036] Subsequently, molding of the spacer portion 
22 is carried out in the same manner as the rolling ele- 
ment string 1 of the first embodiment that does not com- 
prise a reinforcing material 23. In other words, the belt 
member 21 cut into the length corresponding to one orbit 
of the endless raceway of the linear guide device is 
formed with retaining holes 20 for retaining the balls 3 
along its length at prescribed intervals as shown in Fig. 
13, and injection molding of the spacer portions 22 is 
carried out with the balls 3 aligned in these retaining 
holes 20. The string belt 2 after molding of the spacer 
portion 22 has finished is soaked in oil for a certain pe- 
riod of time, thereby gaps tor allowing the balls 3 to roll 
are formed between the spacers 22 and the balls 3. As 
a consequence, as shown in Fig. 14, the rolling body 
string 1 A of the second embodiment having a reinforcing 
material 23 integrated therein is completed. 
[0037] In the embodiments as is described thus far, 
balls are employed as rolling elements to be aligned in 
the belt member. However, this invention may be ap- 
plied to the case where rollers are employed as rolling 
elements. More specifically, as shown in Fig. 1 5, after 
forming retaining holes 31 for rollers 30 on the belt mem- 
ber 21 along its length at prescribed intervals, injection 
molding is carried out with the rollers 30 aligned in these 
retaining holes 31 as shown in Fig. 16. As a conse- 
quence, the rollers 30 are trapped within the retaining 
holes 31 of the belt member 21, and as is in the case 
where the balls 3 are employed as rolling elements, the 
string belt 2 having the rollers 30 aligned and retained 
in the belt member 21 at prescribed intervals may be 
completed. 



Claims 

1. A method of manufacturing a rolling element string 
(1;1A) having a number of rolling element (3;30) 
aligned and rollably retained therein at prescribed 
intervals, comprising the method of; 

a first step of forming a flat band shaped belt 
member (21) with a synthetic resin; 
a second step of forming retaining holes (20; 
31) for receiving the rolling elements (3;30) 
loosely in a row on said belt member (21); and 
a third step of aligning the rolling elements (3; 
30) in said retaining holes (20;31) and forming 
spacer portions (22;32) for holding said rolling 
elements (3;30) between the adjacent retaining 
holes (20;31 ) by injection molding with said roll- 
ing elements (3;30) used as cores, so that said 
rolling elements (3;30) are trapped within said 
retaining holes (20;31). 



5 



9 



EP 1 083 347 A2 



A method of manufacturing a roiling element string 
A) as set forth in Claim 1, characterized in that 
said belt member (21 ) is formed of a synthetic resin 
that is superior in tensile strength or flexural 
strength to a synthetic resin used for forming said s 
spacer portions (22; 32) by injection molding. 

A method of manufacturing a rolling element string 
(1 ;1 A) as set forth in Claim 1 or 2, characterized in 
that said belt member (21) includes a reinforcing 10 
material for improving the tensile strength or the 
flexural strength along its length integrated therein. 

A method of manufacturing a rolling element string 
(1;1A) having a number of rolling element (3;30) is 
aligned and rofcbly retained therein at proscribed 
intervals, comprising the method of; 

a first step of forming a flat band shaped belt 
member (21 ) with a synthetic resin; 20 
a second step of forming retaining holes (20; 

31) for receiving the rolling elements (3;30) 
loosely in a row on said belt member (21); and 
a third step of aligning rolling element models 

in said retaining holes (20; 31 ), said rolling ele- 2s 
ment models being slightly larger than said roll- 
ing elements (3; 30) in diameter, and forming 
spacer portions (22;32) for holding said rolling 
elements (3; 30) between the adjacent retaining 
holes (20;31 ) by injection molding with said roll- 00 
ing element models used as cores, and replac- 
ing said rolling element models with said rolling 
elements (3;30) after the spacer portions (22; 

32) are formed by injection molding. 
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Fig. 12 
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